Invasive ductal carcinomas (IDCs) and invasive lobular carcinomas (ILCs) are the two major pathological types of breast cancer. Epidemiological and histoclinical data suggest biological differences, but little is known about the molecular alterations involved in ILCs. We undertook a comparative large-scale study by both array-compared genomic hybridization and cDNA microarray of a set of 50 breast tumors (21 classic ILCs and 29 IDCs) selected on homogeneous histoclinical criteria. Results were validated on independent tumor sets, as well as by quantitative RT-PCR. ILCs and IDCs presented differences at both the genomic and expression levels with ILCs being less rearranged and heterogeneous than IDCs. Supervised analysis defined a 75-BACs signature discriminating accurately ILCs from IDCs. Expression profiles identified two subgroups of ILCs: typical ILCs (B50%), which were homogeneous and displayed a normal-like molecular pattern, and atypical ILCs, more heterogeneous with features intermediate between ILCs and IDCs. Supervised analysis identified a 75-gene expression signature that discriminated ILCs from IDCs, with many genes involved in cell adhesion, motility, apoptosis, protein folding, extracellular matrix and protein phosphorylation. Although ILCs and IDCs share common alterations, our data show that ILCs and IDCs could be distinguished on the basis of their genomic and expression profiles suggesting that they evolve along distinct genetic pathways.
Invasive ductal carcinomas (IDCs) and invasive lobular carcinomas (ILCs) are the two major pathological types of breast cancer. Epidemiological and histoclinical data suggest biological differences, but little is known about the molecular alterations involved in ILCs. We undertook a comparative large-scale study by both array-compared genomic hybridization and cDNA microarray of a set of 50 breast tumors (21 classic ILCs and 29 IDCs) selected on homogeneous histoclinical criteria. Results were validated on independent tumor sets, as well as by quantitative RT-PCR. ILCs and IDCs presented differences at both the genomic and expression levels with ILCs being less rearranged and heterogeneous than IDCs. Supervised analysis defined a 75-BACs signature discriminating accurately ILCs from IDCs. Expression profiles identified two subgroups of ILCs: typical ILCs (B50%), which were homogeneous and displayed a normal-like molecular pattern, and atypical ILCs, more heterogeneous with features intermediate between ILCs and IDCs.
Introduction
Breast cancer is a complex and heterogeneous disease, which, despite important efforts, remains difficult to describe comprehensively and, therefore, to treat appropriately. Up to 20 pathological types have been defined, but two of them, invasive ductal carcinomas (IDCs) and invasive lobular carcinomas (ILCs), account for about 90% of all breast tumors. Median incidence of ILCs is about 12% and increases disproportionately compared to IDCs in western countries (Li et al., 2003) . ILCs and IDCs differ from each other with respect to various histological, biological and clinical features. Remarkably ILCs are less cohesive than IDCs and tend to form single files of invading cells. This feature has been associated with the frequent inactivation of the E-cadherin gene (CDH1; Berx et al., 1995) . ILCs are predominantly estrogen receptor (ER) and progesterone receptor positive, and thus presumably more homogeneous than IDCs. Their pathological grade is generally lower than that of IDCs and they show a lower proliferation index (Sastre-Garau et al., 1996) . ILCs are less sensitive to chemotherapy (Katz et al., 2007) and are more prone to form bone, gastrointestinal, peritoneal and ovarian metastases than IDCs (Lamovec and Bracko, 1991) . Despite these differences, ILCs show similar prognoses as IDCs (Toikkanen et al., 1997) , and the treatment of ILCs and IDCs is similar. Patients would benefit from a better tailored treatment. Therefore, it appears crucial to gain insight in the molecular differences that distinguish the two pathological types.
There are a number of reasons to suspect that ILCs and IDCs represent distinct molecular entities. Cytogenetic-based studies have suggested that they differ at the karyotype level, with ILCs being specified by a combination of gains at 1q and losses at 16q (Flagiello et al., 1998) . However, chromosomal compared genomic hybridization (CGH)-based studies have shown contradictory results (Loveday et al., 2000; Gunther et al., 2001) , and only two studies based on array-CGH have compared ILCs and IDCs (Loo et al., 2004; Stange et al., 2006) . Expression profiling studies have revealed the transcriptional heterogeneity and new molecular subtypes of breast cancer, but these studies were mainly performed on IDCs (Bertucci et al., 2006) . Three studies (Korkola et al., 2003; Zhao et al., 2004; Turashvili et al., 2007) reported expression signatures that distinguish IDCs from ILCs with reasonable accuracy. However, save for CDH1, the gene sets generated in either study show little overlap.
No comprehensive genomic and transcriptomic study comparing ILCs and IDCs has been reported yet. As breast cancer is heterogeneous and different phenotypes may possibly intermingle making the comparisons delicate, we reasoned that working with stringently defined tumor sets could prove crucial to establish clear-cut genetic differences between IDCs and ILCs. We thus constituted a tumor training set selected on homogeneous and focused phenotypic criteria, comprising 21 classic ILCs and 29 IDCs. Molecular profiles were determined at the DNA and RNA levels using microarrays. Tumors were also analysed for the presence of TP53 and CDH1 mutations. Our data support the idea that the two major histological types of breast cancer arise along distinct genetic routes.
Results
Phenotypic characteristics of the tumor training set In order to limit the heterogeneity of the analysed tumor set and avoid its dispersion in smaller entities, we worked on a selected tumor collection. Our aim was to compare matched sets of tumors and because ILCs are predominantly grade 2 and hormone receptor-positive, we preferentially selected grade 2, pT2, ER þ , invasive tumors with less than three involved axillary lymph nodes. A total of 21 ILCs and 29 IDCs were selected after crosschecking by four pathologists. All ILCs were of the classic subtype and other ILC subtypes were voluntarily excluded, thus restricting our study to a subset of lobular cancers.
The 50 tumor samples were analysed at both the genomic (array-CGH) and expression (cDNA microarrays) levels and for the presence of mutations in CDH1 and exons 4-10 of TP53. Although some mutations may have been lost in our analysis, we detected 6 tumors with TP53 mutations and 13 with CDH1 mutations. TP53 mutations were restricted to the IDCs and CDH1 mutations to the ILCs. It must be mentioned that in addition to mutations and loss, CDH1 may be inactivated by methylation. Immunohistochemical (IHC) study of E-cadherin expression in a subset of 33 tumors (14 ILCs and 19 IDCs) showed negative staining in 16 cases (12 ILCs and 4 IDCs), whereas 17 tumors (15 IDCs and 2 ILCs) were positive (Supplementary Table S1 ; P ¼ 3 Â 10 À4 ).
Array-CGH profiling
Gains and losses in ILC and IDC. Genome-wide array-CGH analysis identified copy number changes (CNC) in all but one tumor of the training set. Genomic imbalances were more frequent in IDCs than ILCs (17.4 vs 11% of the bacterial artificial chromosomes (BACs) showing CNC, P ¼ 0.004; Figures 1a and b) . The two pathological types shared common aberrations, with frequent (occurrence >20%) gains and some peaks (>40%) at 1q41-q43, 8q13 and 8q24, 16p13, 17q23 and 20q13. Frequent losses exceeded 20% occurrence and were found at 6q, 8p, distal 11q, 13, 16q. However, differences between IDCs and ILCs were apparent and could be visualized on frequency difference plots (Figures 1c and d) . In IDCs, most prevalent CNCs were gains at 8q, 16p, 17q and 20q, and losses at 3p, 4q, 7p, 8p, 15q, 18q and X. In ILCs, the most prevalent changes were gains at 1q, 7p12, 11q13, 16p13 and Xp11, and losses at 11q21-qter, 13, 17q and 22. DNA amplification at 11q13 was evenly distributed throughout ILCs and IDCs (40% and 20-33% at CCND1 and PAK1, respectively), whereas that at 17q24.1, (THRAP1 and SMURF2) was restricted to IDCs (37%). A twosample Wilcoxon test identified 114 BACs differently involved in ILCs and IDCs ( Figure 1e ). Copy number profiles may be used to stratify breast cancers in three groups referred to as simplex, complex and amplifier (Fridlyand et al., 2006; Hicks et al., 2006) . Simplex profiles are characterized by infrequent gains or losses involving whole chromosomal arms, complex by highly rearranged patterns involving multiple regions of gains and losses and infrequent amplification, and amplifier by high-level amplification associated to moderately rearranged patterns. We found simplex, complex or amplifiers in both IDCs and ILCs (see Supplementary Table 1) . However, simplex tumors were more frequent in ILCs (47.6%) than IDCs (31%; difference not significant).
Genomic imbalances discriminating ILC from IDC and definition of a genomic classifier. To identify regions of CNC that discriminate ILCs from IDCs, we applied a supervised analysis based on a combination of signal-tonoise (S2N) and support vector machine (SVM). S2N was used to select differential features, SVM to classify tumors and LOOCV (leave-one-out cross-validation) to estimate the performance of the classifier. By LOOCV, 43 tumors of the training set were correctly classified (86% overall accuracy; Figure 2) , with 25/29 (86.3%) for IDCs and 18/21 (85.7%) for ILCs. Most IDCs bearing a TP53 mutation (5/6) were classified as IDC. Only 2/13 ILCs with a CDH1 mutation were misclassified as IDC (Figure 2a ). The retained genomic signature corresponded to 75 BACs identified in 50/50 iterations of the LOOCV procedure (Table 1) . These BACs were located on 16 chromosomes with largest clusters at 1q32. 1-q42.3, 15q11.2-q22.2, 17q23.2-q24.3 and 20q11.21-q13.33 .
We used this 75-BACs signature to classify the tumors by hierarchical clustering, producing two major clusters strongly correlated with the pathological type ( Figure 2b) , with IDCs predominantly found in cluster I and ILCs in cluster II. We next tested the relevance of our 75-BACs signature on an independent validation group of 23 grade 2 tumors. Of the 23 tumors, 18 were correctly classified resulting in an overall accuracy of 78% ranging from 75% for IDCs to 85.7% for ILCs (Table 2) .
Gene expression profiling
Tumors were profiled using cDNA microarrays comprising 5407 genes and 2898 expressed sequence tags (ESTs).
Global transcriptional profiles. Unsupervised hierarchical clustering was applied to the 7782 genes/ESTs showing significant variation in expression levels across the 50 samples of the training set (present in at least 80% of the samples with standard deviation >0.1). As reflected by the dendrogram, the tumors displayed heterogeneous expression profiles (Figures 3a and b Figure 1 Frequency of genomic imbalances in invasive ductal carcinomas (IDCs) and invasive lobular carcinomas (ILCs) and differences according to histological types. Gains and losses were calculated using 0.25 and À0.25 as log 2 ratio thresholds. The overall frequency of gains (black) and losses (gray) in the whole training set of 50 tumors was calculated for the 2872 filtered bacterial artificial chromosomes (BACs) and plotted against their genomic position (Hg18); (a) IDC, (b) ILC. The absolute difference corresponding to the subtype specific frequencies was calculated by subtracting the frequency of one subtype by the other; (c) IDC-ILC, (d) ILC-IDC. (e) P-values associated to the differences were computed using Wilcoxon two-sample test (CGH test, http://www.few.vu.nl/Bmavdwiel/ CGHtest.html). Only significant P-values were represented (Po0.05): we plotted 1ÀP-value for gains, and -(1ÀP-value) for losses.
IDC and ILC are distinct at the genetic level F Bertucci et al Table 1) .
Several clusters of genes were evidenced corresponding to specific cell types or pathways ( Figure 3a ). These gene clusters were differentially expressed in the three subgroups. Striking features of ILCs, notably in subgroup IIb, were low levels of expression of the proliferation and luminal clusters and relatively high expression of the adipose cluster. Moreover, all ILCs, from subgroups IIa or IIb, displayed low expression of the ERBB2 and the CDH1 clusters. CDH1 mRNA expression levels correlated well with CDH1 IHC status ( Figure 3b ). We did not identify any correlation between the typical vs atypical character of ILCs and the following histoclinical features: age of patients, morphology, pathological tumor (pT) size, CDH1 IHC and mutation status. However, it was interesting to see that 3/11 (27%) patients with atypical ILC displayed relapse vs 1/10 (10%) patients with typical ILC. It is of note that follow up time was equivalent in both typical and atypical ILCs (>72 months). We then analysed the distribution of our tumor set according to the molecular subtypes (luminal A, luminal B, basal, ERBB2 þ and normal-like) identified by Sorlie et al. (2001) in IDCs. These subtypes were defined on the basis of B500 'intrinsic genes' of which 169 were common to our gene set. Based on these genes and the samples by Sorlie et al. (2003) , we defined five sets of centroids representing the average expression of each subtype. By measuring the (Figure 4a ). It is of note that the four ILCs predicted as IDCs were atypical ILCs, whereas all typical ILCs were accurately classified. The expression signature contained the 75 genes/ESTs (71 characterized genes and 4 ESTs) identified in 50/50 LOOCV iterations, with 48 genes overexpressed and 27 genes underexpressed in ILCs. Genes are distributed on 30 chromosomal arms, of which 1q, 11q, 17q concentrate a larger number of genes than others (Table 3) . As expected, CDH1 was among the genes underexpressed in ILCs, whereas the 17q12 ERBB2-GRB7-C17orf37 cluster was overexpressed in IDCs. Association of the genes with biological processes according to Gene Ontology is shown in Table 4 . Six processes were significantly overrepresented: cell adhesion, cell motility, apoptosis, protein folding, extracellular matrix and protein phosphorylation. Genes involved in fatty acid or basic metabolism, transcription, molecule transport were also included in the signature. The classification power of our signature is also illustrated by hierarchical clustering (Figure 4b) . Two distinct tumor clusters were defined with only 3 misclassified samples (2 IDCs and 1 ILC). It is of note that 8/10 typical ILCs clustered together in a close branch of the dendrogram, confirming their homogeneity as well as their difference with the atypical ILCs.
These results were validated in two sequential steps. The technical validation of cDNA microarrays data was done by quantitative RT-PCR on 45 samples (26 IDCS, 19 ILCs) from the original training set. As shown in Figure 5 , quantitative RT-PCR results confirmed significant differential expression (Po10 À4 , t-test) between ILCs and IDCs for all five genes, substantiating the reliability of our microarray results. We next verified the performance of our signature on an independent set of 199 tumors previously profiled on the same microarray platform (Bertucci et al., 2004) . SVM classification resulted in the accurate assignment of 88% (151/171) IDCs and 75% (21/28) ILCs, resulting in an 86% overall accuracy (Table 5) .
Correspondence between genomic and expression data We first determined the overlap between copy number changes and genes discriminating the two pathological types. Of the 75 genes of the expression signature, 10 (13%; CD34, 1q32.2; MARCH7, 2q24.2; TGFBR2, 3p24.1; ALDH1L1, 3q21.2; EFCBP1, 8q21.3; STUB1, 16p13.3; PECAM, 17q23.3; ABCA6, 17q24.2; MMP24, 20q11.2; YWHAB, 20q13.1) mapped either within or at close proximity of a BAC included in the genomic signature. We were also interested in verifying whether typical and atypical ILCs presented differential genomic patterns (normal, simplex, complex and amplifier). It was remarkable that atypical ILCs presented a larger proportion of complex or amplifier patterns whereas most typical ILCs were simplex or normal (P ¼ 0.08, Fisher's exact test). We also found a significant correlation (P ¼ 0.02, Fisher's exact test) between genomic patterns and molecular subtype (luminal, basal, ERBB2 and normal-like) with more normal or simplex patterns in luminal A or normal-like tumors, and more complex or amplifier patterns within luminal B, basal or ERBB2 samples.
Discussion
We aimed at identifying molecular differences between ILCs and IDCs. For the first time to our knowledge, this was done at both the genomic and expression levels by means of array-CGH and cDNA microarray profiling and in a homogeneous series of samples with respect to several pathological features (Scarff Bloom Richardson (SBR) grade, pT, hormone receptor and axillary lymph node status). Although these stringent criteria may have put the focus on a specific subset of breast cancer we noted that they allowed the identification of molecular differences independent from these features. We identified two molecular signatures, one at the genomic level (75 BAC clones), the second at the transcriptional level (75 genes/ESTs). Both signatures were accurate (86 and 92%, respectively) in classifying tumors from the original training set and, noticeably, performed well on independent validation sets (78 and 86%, respectively). Quantitative RT-PCR further confirmed our results.
Genomic differences between ILCs and IDCs
Of the two studies (Loo et al., 2004; Stange et al., 2006) that looked for copy number differences between ILCs and IDCs by means of array-CGH, only Stange et al. (2006) identified a significantly discriminating set of BAC clones. Five anomalies are common to our work and that of Stange: they involve 16p13.3, 16q12-q21, 17q23.2-q24.3 and 20q13.1-q13.3 regions. All these locations correspond to gains, which occur more frequently in IDCs than ILCs or are restricted to IDCs (17q23-q24). The somewhat restricted overlap between the discriminator BAC clones may reflect the differences in tumor samples respectively analysed in both studies. Anomalies selected in our genomic signature correspond predominantly to events occurring more frequently in IDCs. This predominance reflects the higher level of rearrangements in IDCs. We found that events occurring at a high frequency are rare in ILCs. Some chromosomal locations showed inverse patterns. For instance, chromosomes 16, 17, 20 showed a predominance of gains in IDCs and of losses in ILCs; conversely, 7 and X were preferentially gained in ILCs and lost in IDCs.
Our data agree with classical CGH-based studies that showed the differential involvement of 17q and 20q in IDCs and ILCs (Gunther et al., 2001) . However, they are in contrast with results indicating that ILCs are specified by increased frequency of losses at 16q (Stange et al., 2006) . The 16q22 region harboring the CDH1 gene was not differentially involved in ILCs and IDCs in our dataset. Concomitant gain at 1q and loss at 16q were frequently found in a subset of ER-positive IDCs. Similarly, it was proposed that 11q13 amplification was more frequent in ILCs than IDCs (Stange et al., 2006) . This contrasts with our data showing that 11q13 amplification, involving principally the CCND1 locus, was evenly distributed in ILCs and IDCs, likely because of the selection of ER-positive IDCs in our analysis. Our data show that, although it was possible to determine genomic anomalies discriminating lobular and ductal carcinomas, some ILCs shared a number of anomalies with ER-positive IDCs. 
Differential expression between ILCs and IDCs
Expression analysis revealed two populations of ILCs, which differ with respect to their global expression profile, their molecular subtype as well as the expression profile for the 75-gene signature. This result was in agreement with (Zhao et al., 2004) who identified typical ILCs and atypical 'ductal-like' ILCs. Typical ILCs likely correspond to our homogeneous subgroup IIb ILCs, whereas atypical correspond to more heterogeneous ILCs from group I and subgroup IIa. Korkola et al. (2003) also evidenced two groups of ILCs based on their ILCs vs IDCs expression signature.
Three previous expression-profiling studies (Korkola et al., 2003; Zhao et al., 2004; Turashvili et al., 2007) have reported lists of genes with differential expression between ILCs and IDCs. The overlap between these lists and ours is low (Supplementary Table 2 ) with CDH1 being the only gene in common. Of the 75 genes selected in our expression signature, 11 (ALDH1A1, CAV1, CDH1, ERG, FABP4, IGF1, PDK4, TF, TGFBR2, VWF, YWHAB) were present in at least one of the three published lists, the best overlap being found with the list by Zhao et al. (2004) . The three studies differ from ours by several aspects: no matching based on tumor characteristics was made to select samples, the number of which ranged from 5 to 21 for ILCs and from 5 to 109 for IDCs; different technological microarray platforms and different analytic methods were used to generate the lists of discriminator genes and, finally, no validation tumor set was provided. This small overlap between the gene signatures in our and previous studies may also be explained by the lack of whole genome coverage. It is of note that biological processes or functions show greater concordance across these studies.
In our study, discriminator genes are involved in several cellular processes. Functional annotation of genes helps generate hypotheses about the biological mechanisms that sustain the differences in histoclinical properties of ILCs and IDCs. In particular, genes overexpressed in IDCs correspond preferentially to promoters of cell proliferation (for example, tyrosine kinase receptor ERBB2, JAK2, transcription factor ANKRD32 and calmodulin-binding NRGN), whereas those overexpressed in ILCs code for proteins involved in cell adhesion (VWF, ELN, DPT, EMCN) or lipid (FABP4, CAV1, ADIPOG) and retinoic acid metabolism (ALDH1A1). SFRP1, TGFBR2 and IGF1, whose functions are associated with cell differentiation rather than proliferation, were also upregulated in ILCs. This was further comforted by a search for functional pathways by means of the Ingenuity Pathway analysis (Ingenuity Systems, www.ingenuity.com). Two networks were identified, showing highest scores with cancer, tissue morphology and organismal injury. Network 1 was centered around CDH1, with direct interactions with MMP3, TGFBR2 and transcriptional activator TFAP2A and indirect links with p38-MAPK and NFKB (both of which are reported to be downregulated in this 
Abbreviations: m, overexpression in ILCs; k, underexpression in ILCs. Correspondence between genomic and expression data The degree of concordance between the genomic and expression signatures was 13%. It is in agreement with the 10-15% rate of the variation in gene expression estimated to be linked to genomic gains and losses (Pollack et al., 2002) . Although this concordance may appear relatively low and might have been improved using whole genome expression and high-resolution CGH arrays, it suggests a link between copy number and expression changes in the two tumor types.
In conclusion, our data show that ILCs and IDCs, while showing distinct genetic pathways share common rearrangements or expression patterns. These common genetic features define a subgroup of tumors intermediate between ILCs and IDCs. The existence of two subsets of ILCs was further substantiated by the genomic patterns defined as simplex, complex and amplifier (Fridlyand et al., 2006; Hicks et al., 2006) . ILCs were predominantly of the simplex type, however, when we split ILCs into two subgroups 'typical ILCs' and 'atypical ILCs', it was clear that most simplex ILCs were of the typical subgroup, whereas atypical ILCs comprised a larger number of complex and amplifier cases as did IDCs. These data suggest that atypical ILCs may correspond to a more aggressive subset of ILCs that have acquired genomic characteristics common with IDCs. This idea is reinforced by our data showing that 3 of 4 ILCs associated to a relapse and in some cases fatal outcome corresponded to atypical ILCs.
Material and methods

Tumor material
Primary breast cancers were collected in four French cancer hospitals: Centre Le´on Be´rard (Lyon), Institut Paoli-Calmettes (Marseille), Centre Val d'Aurelle (Montpellier) and Institut Gustave Roussy (Villejuif). Tumor biopsies were snap-frozen in liquid nitrogen upon surgical removal and stored at À80 1C until nucleic acids extraction. All tumor sections were de novo reviewed prior to analysis by four pathologists (FB, MCM, IT, JJ), and all profiled specimens contained more than 60% of tumor cells. DNA and RNA were isolated using QIAamp DNA Midi Kit and Rneasy Mini Kit (Qiagen SA, Coutaboeuf, France), respectively. Three series of tumors were assembled and analysed in parallel. A 'training set' of 50 samples, including 29 IDCs and 21 classic ILCs, exclusively composed of SBR grade 2 tumors, pT2 (pathological tumor size between 2 and 5 cm), ER þ , with less than three involved axillary lymph nodes. These criteria limited the dispersion and increased the chances to determine genetic differences discriminating ILCs and IDCs. Of the 50 tumors, 45 (26 IDCS, 19 ILCs) were also analysed by quantitative RT-PCR to validate cDNA microarrays results. A second set composed of 23 SBR grade 2 tumors (16 IDCs, 7 ILCs) was used to validate the genomic signature. A third set, previously published (Bertucci et al., 2004) , consisting of 199 unselected invasive tumors (171 IDCs, 28 ILCs) was used to validate the expression signature. Description of these tumor sets is presented in the supplementary data (Supplementary Table 1 ).
TP53 and CDH1 mutation identification Tumor DNA was subjected to PCR amplification of individual exons: exons 1-16 of CDH1 and exons 4-10 of TP53, which correspond to the DNA binding domain of the p53 protein and concentrate over 90% of TP53 mutations affecting breast cancer. PCR-amplified products were purified and subsequently analysed by direct sequencing using PRISM Dye Terminator (Applied Biosystems, Foster City, CA, USA) with an automated sequencer ABI 373 (Applied Biosystems). Specific primers used for PCR reactions and sequencing are available upon request.
CDH1 immunostaining
Tissue microarray preparation, IHC staining and scoring were performed as described (Jacquemier et al., 2005) . The E-cadherin monoclonal antibody at 1/2000 (Transduction Laboratories, Lexington, KY, USA) was used according the supplier's recommendations. Slides were evaluated under a light microscope by two independent observers on the Spot Browser device (Alphelys, Plaisir, France). A cutoff of 1% for the quick-score classified samples into two classes: negative (Q o1%) and positive (QX1%).
Array-CGH profiling
We used human Integrachip V2 to establish genomic profiles (IntegraGen SA, Evry, France, http://www.integragen.com). IntegraChip V2 is composed of 3172 BAC clones including 2862 sequenced clones with a median gap of 1 clone/0.8 Mb. DNA labeling, hybridization, were performed as previously described (Orsetti et al., 2006) . Image processing and analysis are detailed in Supplementary information. Clones with missing values in over 50% of the tumors were discarded. Gains and losses were defined respectively at 0.25 and À0.25 as log 2 ratio thresholds.
Gene expression profiling with cDNA microarrays Expression profiles were defined using Ipsogen DiscoveryChip cDNA microarrays (Ipsogen, Marseille, France; http:// www.ipsogen.fr/). Nylon microarrays contained PCR products from a total of 8305 Image clones. Clones represented 2898 ESTs and 5407 known genes, B3000 of which were related with oncogenesis. Microarrays, probe labeling, hybridization, signal capture and data normalization were as described (Bertucci et al., 2004) .
Supervised and unsupervised data analyses
Identical analytic methods were applied for array-CGH and expression profiles. Supervised analysis methodology is described in the supplementary data (Supplementary Figure 1) . Unsupervised analysis was based on hierarchical clustering performed using Cluster and TreeView software (Eisen et al., 1998) with median-centered values and Pearson's correlation as similarity metrics.
Quantitative RT-PCR Quantitative RT-PCR was as described by Applied Biosystems. The primers, fluorescent probes and reagents used for quantifications were from Applied Biosystems. All reactions were performed in duplicate. Each sample was normalized on the content of ribosomal RNA.
Statistical analysis
Correlations between sample groups and histoclinical parameters were calculated with the Fisher's exact test. All statistical tests were two-sided at the 5% level of significance. Statistical analysis was done using the SPSS software (version 10.0.5).
